Abstract Codling moth, Cydia pomonella (L.) (Lepidoptera: Tortricidae), is a worldwide pest of apple and pear. Due to the severity of codling moth in agroecosystems, it is a quarantine pest in countries where it is not considered an established species. Detection of codling moth infestations in exports intended for these countries is crucial to the U.S. apple industry. Tests were conducted on infrared thermoimaging that demonstrate detection of infestation by codling moth larva in apples. The system is dependent on subtle but significant differences in surface temperature between infested or entry sites and nearby uninfested sites. Because the imaging data are digital, computer programs can be used to rapidly and effectively sort infested fruits from the packing line.
A nondestructive procedure is necessary to identify commodities, such as deciduous fruits, infested with economic pest insects, both for revealing internal quality and satisfying quarantine regulations of importing countries. For example, the codling moth, Cydia pomone/la (L.) (Lepidoptera: Tortricidae), is an important quarantine pest on apples, pears, walnuts, and stone fruits (Barnes 1991) . The current strategy of the systems approach, which relies on the cumulative effect of eliminating the pest by field control and sorting in the packing line, is limited and not consistently reliable. In the past, quarantine treatments using fumigants were sufficient for control for exports to certain countries, but the current fumigant, methyl bromide, is being withdrawn due to environmental concerns and international agreements.
Thus, a method that is accurate, rapid, and compatible to the packing line would be highly beneficial, preferably an automated procedure to detect and remove infested fruits. Near-infrared reflectance has been proposed for grain insects in wheat (Dowell et al. 1998) , but this technology has not been applied to tree fruit pests. Hansen et al. (2005) 
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used in engineering, construction, manufacturing, security, and utility maintenance, but has been rarely applied to agriculture. No literature has been found on its application to insect detection, probably because this is a new, rapidly advancing technology. Furthermore, infrared technology is currently used for sorting fruits by size and color while on the packing line.
lTl would function based on changes in surface temperature of the fruits. This would include temperature differences from entry or exit wounds, feeding tunnels immediately below the fruit surface, disease infections caused by pest feeding, or other damage to the fruit caused by insect activities. The purpose of this study was to examine the feasibility of ITI for detecting codling moth larvae in apples.
Materials and Methods
Thermal imagine equipment. We used a ThermCam® P65 Infrared Camera (FLIR Systems Inc., Wilsonville, OR) which is sensitive 7.5-13 pm wavelengths at 320 x 240 resolution as well as a visual mode. Thermal sensitivity is 0.05°C at 30°C with image speed at 50/60 Hz. Software converts temperatures to images by way of different pallets (grey or color scales).
Fruit thermal imagining. Codling moth larvae were from a colony reared at the USDA-ARS Yakima Agricultural Research Laboratory in Wapato, WA (Hansen and Anderson 2006) . Fruits were infested with third instars because of difficulty in handling earlier instars. To each of 20 'Fuji' apples, a larva was applied by hand to the side of each fruit. The insects were allowed to infest overnight at room temperature (-25°C), then 10 fruits were placed in a cold room (1.1°C) with the last 10 remaining at room temperature. Two days after infestation, apples were examined by using ITI, plus corresponding visual photographs. Images were taken when fruits were immediately removed from the holding room and cold storage.
In another test similar to above, a larva was applied by hand to the stem region to each of 30 'Fuji' apples, the most difficult part of the fruit for detecting infestation. Fruits were held overnight for infestation as before, then placed in storage at either room temperature or cold storage (1.1°C). ITI were taken 2 d later directly from storage and after washing apples in water (to simulate the dump tank in the packing house), and the same held in hot tap water (50°C) for several minutes to increase surface temperature. Temperature measurements were taken in 5 fruits from each of the above reimaging situations, plus 10 fruits after held in hot water, at the infestation site near the stem and an uninfested area -1 cm away. The stem region of the uninfested controls also was measured. For comparison, an infestation on the side of the apple was measured.
Data analysis. Temperature measurements were taken directly from the thermoimages. Paired f-tests were conducted between temperature measurements at the infested site and a nearby uninfested area on the same fruits using the Data Analysis option in the Tools menus of an Excel spreadsheet (v. 2002, Microsoft Corp., Redmond, WA) .
Results and Discussion
Infested sites were visually obvious with the thermograms (Fig. 1) . The feeding tunnels were consistently cooler than surrounding uninfested areas (Table 1) , regardless if the fruits were maintained at room temperature, were held in cold storage,
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I. washed, or any combination of these factors. The location of the infestation site did not alter this relationship, although visual detection at the stem end is more difficult. Statistical tests indicated significant differences in site temperature between infested and uninfested except for those fruits with larval entrances in the stem cavity and held at room temperature (Table 2) . Differences were greater with the cold fruits than with those held at room temperature. These results suggest that infested fruits can be effectively detected along the packing line. Even the most hidden infestation site, within the stem cavity, was detected. Automation would reduce labor costs yet allow for rapid processing time. This system seems particularly promising for fruits brought out from cold storage. In the Pacific Northwest, apples are routinely stored at cold temperatures so that they can be available at optimum market conditions. Thus, an infrared thermoimaging process 
